Female mice treated neonatally with the phytoestrogen genistein (50 mg/kg/day) have multioocyte follicles, lack regular estrous cyclicity, and are infertile even after superovulation. To determine the cause of their infertility, we examined oocyte developmental competence and timing of embryo loss. Eggs obtained by superovulation of genistein-treated or control females were equally capable of being fertilized in vitro and cultured to the blastocyst stage. However, if eggs were fertilized in vivo, retrieved at the pronucleus stage, and cultured, there was a significant reduction in the percentage of embryos from genistein-treated females reaching the blastocyst stage. When these blastocysts were transferred to pseudopregnant recipients, the number of live pups produced was similar to that in controls. Preimplantation embryo development in vivo was examined by flushing embryos from the oviduct and/or uterus. Similar numbers of one-cell and two-cell embryos were obtained from genistein-treated and control females. However, significantly fewer embryos (,50%) were obtained from genistein-treated females on postcoital Days 3 and 4. To determine if neonatal genistein treatment altered the ability of the uterus to support implantation, blastocysts from control donors were transferred to control and genistein-treated pseudopregnant recipients. These experiments demonstrated that genistein-treated females are not capable of supporting normal implantation of control embryos. Taken together, these results suggest that oocytes from mice treated neonatally with genistein are developmentally competent; however, the oviductal environment and the uterus have abnormalities that contribute to the observed reproductive failure.
INTRODUCTION
Naturally occurring phytoestrogens (estrogenic chemicals found in plants) are readily available in the diet, particularly in soy products [1] [2] [3] . Isoflavones comprise the major class of phytoestrogens in soy, and the isoflavone that has received the most attention is genistein (Gen). The glycosylated form of Gen, genistin, is found in soy products (including soy-based infant formulas) and constitutes more than 65% of the isoflavone content [4] . Infants fed soy-based formulas have high circulating levels of Gen (1-5 lM), indicating that genistin is readily absorbed and converted to Gen by the infant [4] . This finding has been confirmed in a recent study [5] showing Gen metabolites in the urine of infants fed soy-based infant formulas.
Limited information is available regarding long-term effects of infant exposure to soy-based infant formulas. An epidemiological study [6] of women (20-34 yr of age) who had been fed soy-based or cow milk-based formulas as infants demonstrated significant differences in menstrual cycle length and a significant increase in pain associated with the menstrual cycle. A more recent study [7] of infants fed soy formula, cow milk formula, or breast milk showed that female infants fed soy formula have re-estrogenization of vaginal cells at 6 mo of age, whereas this effect is not observed in the other two groups. Taken together, the findings of these studies suggest that phytoestrogens in soy infant formulas exhibit estrogenic activity in the developing human reproductive tract.
In rodents, developmental exposure to Gen causes adverse effects on the female reproductive system, including altered estrous cyclicity, subfertility and infertility, and cancer [8] [9] [10] [11] [12] [13] [14] . Our laboratory has characterized the effects of neonatal (postpartum exposure to Gen on the developing female reproductive system [9] . At the highest dose used in these studies (50 mg/kg/day), serum circulating levels of Gen are approximately 6.8 lM [15] , similar to the levels measured in infants fed soy formula [4] . Female mice treated neonatally with this dose of Gen lack regular estrous cyclicity and do not ovulate spontaneously. If ovulation is induced, some of the mice become pregnant but do not deliver pups because fewer embryos implant and there is failure of postimplantation development [9] . Lower doses of Gen (5 mg/kg/day) result in subfertility, with some mice in persistent estrus, fewer mice becoming pregnant, and fewer pups delivered per litter.
Neonatal Gen treatment also results in an increased incidence of multioocyte follicles caused by disruption of oocyte nest breakdown that normally occurs in the neonatal period [8, 16] . This is a direct effect of Gen on the ovary because control neonatal ovaries cultured in the presence of Gen also exhibit this phenotype [17] . The Gen-induced multioocyte phenotype seems to be mediated by estrogen receptor b because multioocyte follicles are not observed in Gen-treated mice lacking estrogen receptor b [8] . A similar multioocyte phenotype is observed following developmental exposure to diethylstilbestrol (DES) and bisphenol A [18] . Furthermore, there is evidence that oocytes from DES-induced multioocyte follicles have reduced developmental competence compared with oocytes from single-oocyte follicles [19] . These findings suggest that the infertility of Gen-treated mice could be explained by diminished oocyte quality, resulting in lower developmental competence.
In this study, the underlying cause of infertility in Gentreated mice was examined. We report herein that most eggs ovulated from Gen-treated mice were developmentally competent; therefore, the infertility cannot be attributed to poor oocyte quality. However, the reproductive tract of these mice was limited in its ability to support preimplantation embryo development and implantation, suggesting that alterations in reproductive tract development induced by Gen in the neonatal period contribute substantially to their infertility.
MATERIALS AND METHODS

Animals and Gen Treatment
Timed pregnant CD-1 (Crl: CD-1 [ICR] BR) mice were obtained from the in-house breeding colony at the National Institute of Environmental Health Sciences (Research Triangle Park, NC). Mice were housed in a temperaturecontrolled environment (21-228C) under a 12L:12D cycle and were fed NIH-31 mouse diet and deionized water ad libitum. The diet used in this study contains phytoestrogens at levels below the dose used previously [20, 21] . All animal procedures complied with NIH/NIEHS animal care guidelines. Dams delivered their young at 19 days of gestation; pups were pooled together, separated into two groups by sex, and then randomly standardized to eight female pups per dam (male pups were used in another experiment). All female pups were administered subcutaneous injections on neonatal Days 1-5 with corn oil alone (controls) or with Gen (50 mg/kg/day [98% pure; Sigma, St. Louis, MO]) suspended in corn oil, previously referred to as Gen-50 [8, 9, 16] . Mice were weaned at 22 days of age and were housed five per cage.
Oocyte and Embryo Collection and Culture
To stimulate ovulation, 6-to 9-wk-old Gen-treated and control female mice received a single subcutaneous injection of 5.0 IU of equine chorionic gonadotropin (Calbiochem, Gibbstown, NJ) in 0.1 ml of saline, followed 48 h later with 5.0 IU of human chorionic gonadotropin (hCG) (Calbiochem) in 0.1 ml of saline. Metaphase II-arrested eggs were collected from the oviducts into flushing-holding medium (catalog #MR-024-D; Invitrogen, Carlsbad, CA) 14 h after hCG administration. For experiments requiring embryos, females were bred singly to proven fertile CD-1 male mice immediately after the hCG injection and were checked for a vaginal plug the following morning. Only plug-positive females were used in subsequent experiments. Embryos were flushed from the oviducts and/or uterus using flushing-holding medium at the following hours after hCG administration: 18, 21, or 24 h (one-cell); 48 h (twocell); 72 h (four-cell to morula); and 92 h (blastocyst). All embryos were cultured in microdrops of potassium simplex optimized medium with amino acids (KSOM/AA) (catalog #MR-106-D; Millipore, Phillipsburg, NJ) under mineral oil in a humidified environment of 5% CO 2 , 5% O 2 , and 90% N 2 . For all culture experiments, the number of embryos in each microdrop of medium was consistently kept at approximately one embryo per microliter [22] .
Immunofluorescence Analysis of Meiotic Spindles
Cumulus cells were removed from the eggs by brief incubation in 1% hyaluronidase, and the zona pellucidae were removed using acid Tyrodes medium, pH 1.6 [22] . The eggs were fixed for 45 min at room temperature in 2% formaldehyde (Ted Pella, Redding, CA) in PBS containing 1 lM Taxol (Sigma) to maintain spindle stability. Eggs were washed in blocking buffer (PBS containing 0.3% bovine serum albumin [BSA], 0.01% Tween-20, and 0.01% NaN 3 ) and then permeabilized 15 min in PBS containing 0.3% BSA, 0.1% Triton X-100, and 0.01% NaN 3 . The eggs were again washed in blocking buffer and then incubated for 1 h with fluorescein isothiocyanate-conjugated anti-mouse a-tubulin (final concentration, 12 lg/ml [catalog #ab11303; Abcam, Cambridge, MA]). The eggs were mounted in Vectashield containing 1.5 lg/ml DAPI (Vector, Burlingame, CA). The immunofluorescence signal was observed and captured using a Zeiss LSM 510 multiphoton confocal microscope (Carl Zeiss, Thornburg, NY), and the images were processed using Photoshop software (Adobe, San Jose, CA).
In Vitro Fertilization
Sperm were released from the cauda epididymides of a single 3-4-mo-old B6SJLF1/J male mouse (Jackson Laboratory, Bar Harbor, ME) into human tubal fluid medium (catalog #MR-070-D; Millipore) containing 3% BSA (Albumax I; Invitrogen) and immediately covered with mineral oil. Sperm were allowed to capacitate for 1.5 h at 378C in a humidified environment of 5% CO 2 , 5% O 2 , and 90% N 2 . Two egg-cumulus cell masses from each of eight individual superovulated mice (four control and four Gen treated) were placed into separate 250-ll drops of human tubal fluid medium and then inseminated with approximately 10 6 capacitated sperm per milliliter. The eggs were washed free of unbound sperm 4.5 h following insemination and cultured in KSOM/AA media. Fertilization was determined by the presence of two pronuclei 6-8 h after insemination. Embryos were observed for progression to the two-cell and blastocyst stages of development.
Blastocyst Transfer
Genistein blastocysts transferred into control recipients. At 8 wk of age, untreated CD-1 female mice were bred with vasectomized CD-1 males to stimulate pseudopregnancy. Vaginal plug-positive females were removed and housed singly for use as recipients. Blastocysts cultured from one-cell embryos collected from the oviducts of control and Gen-treated mice were transferred to recipients on Day 3 of pseudopregnancy according to standard procedures [22] . Seven or eight blastocysts were transferred into each uterine horn. Recipients were allowed to deliver their pups to determine blastocyst developmental competence. All pups from these litters were weaned at 21 days of age. Ten female pups from each group were bred for 3 days at 8 wk of age to CD-1 males. The females were checked daily for vaginal plugs, and the pregnant females were allowed to deliver pups.
Control blastocysts transferred into Gen-treated recipients. At 8 wk of age, control (n ¼ 21) and Gen-treated (n ¼ 25) female mice were superovulated and then bred with vasectomized CD-1 males to stimulate pseudopregnancy. Vaginal plug-positive females were removed and housed singly for use as recipients. Blastocysts were flushed from the uteri of superovulated females mated to control mice 4 days after hCG administration and pooled together. Pseudopregnant control (n ¼ 2) and Gen-treated (n ¼ 6) recipient mice underwent the embryo transfer procedure already described, except that seven or eight control blastocysts were transferred into only one uterine horn for each recipient. Despite uneventful blastocyst transfer procedures, three of the Gentreated recipients died during the first 2 postoperative days. This was apparently because of significant blood loss that we later speculated could be an adverse effect of the nonsteroidal anti-inflammatory analgesic (flunixin meglumine, 2.5 mg/kg i.p.) used after surgery. This occurrence is very rare following embryo transfer procedures and suggests that neonatal exposure to Gen may alter vascularity or blood clotting efficiency. Therefore, the experiment was repeated with an additional three control and six Gen-treated females; a narcotic analgesic (buprenorphine, 0.1 mg/kg s.c.) was used before surgery, and all animals remained healthy. The recipients were euthanized by CO 2 asphyxiation 8 days after surgery to determine the presence of implantation sites.
Statistical Analysis
The data were analyzed using JMP software (SAS Institute, Cary, NC). Statistical significance was determined using nonparametric Wilcoxon or Mann-Whitney U-test or Fisher exact test, as appropriate, with P , 0.05 reported as significant.
RESULTS
Egg Developmental Competence Assessment
To test the hypothesis that female mice treated neonatally with Gen were infertile because of poor oocyte quality, we induced ovulation and then examined the ovulated eggs for their general morphology and spindle structure. Gen-treated females (n ¼ 8) ovulated a mean 6 SE of 29.6 6 5.5 eggs, and control females (n ¼ 6) ovulated 28.8 6 5.1 eggs. The appearance of the ovulated eggs in both groups was similar. When spindles of eggs obtained from superovulated Gentreated or control females were stained for a-tubulin and DNA, the spindle morphology was normal in almost all cases (81/83 [98%] for control and 130/131 [99%] for Gen treated) (Fig. 1,  A and B) , with only a few spindle abnormalities observed in 426 both groups (Fig. 1C) for Gen treated). These findings suggested that egg quality as indicated by capacity to undergo fertilization and preimplantation development in vitro was not adversely affected by neonatal Gen treatment.
To confirm full developmental competence, one-cell embryos (two-pronuclei stage) were collected from the oviducts of Gen-treated and control females and cultured to the blastocyst stage. The resulting blastocysts were transferred to untreated control pseudopregnant recipients. Recipients received 16 blastocysts (eight per uterine horn) from one treatment group and were allowed to deliver their pups. All recipients delivered pups, and there were similar numbers of live pups per litter in both groups (Table 1) . Furthermore, all pups were apparently healthy and survived to weaning. Ten female pups from both groups were bred at 8 wk of age to determine their fertility. All vaginal plug-positive females in each group (n ¼ 9 for Gen treated and n ¼ 8 for control) became pregnant and delivered offspring 19 days after the plug was documented. The mean 6 SE litter size was 14.4 6 1.1 in the females derived from embryos of Gen-treated donors and 15.0 6 1.1 in the females derived from embryos of control donors (not significantly different; P ¼ 0.88, Mann-Whitney U-test). These data demonstrate that eggs from Gen-treated mice are fully developmentally competent to the point of generating fertile female offspring if removed from the maternal environment at the two-pronuclei stage. for Gen treated). These findings indicated that there was a short delay in the fertilization process in vivo, but given sufficient time, most eggs were fertilized. Embryo development in culture after fertilization in vivo. One-cell embryos collected 21-22 h after hCG administration were monitored daily to determine developmental progression. The average percentage of embryos reaching each stage was determined for each individual mouse and was expressed as a percentage of the number of pronuclear-stage embryos placed in culture ( Fig. 2A) . There was no difference in the ability to progress to the two-cell stage in embryos from Gen-treated mice vs. controls, suggesting that once the egg is fertilized it is capable of the first cleavage division. However, with additional time in culture, slightly fewer embryos from Gen-treated mice progressed to the subsequent preimplantation embryo stages; this finding reached statistical significance by the blastocyst stage. Taken together with our observation that embryos derived from in vitro fertilization of eggs from Gen-treated mice survive just as well as controls, these results suggest that the slightly reduced embryo developmental competence can be attributed to the reproductive tract environment, although the exposure time was minimal (only a few hours). Consistent with our observations regarding delayed timing of fertilization in vivo, embryos from Gen-treated females reached cleavage stages beyond the four-cell stage more slowly than controls. By 72 h after hCG administration, control embryos were split evenly between four-cell and five-to eight-cell stages of development, while Gen-treated embryos were predominantly at the four-cell stage, with only a few at the five-to eight-cell stages of development (Fig. 2B) . Differences in timing of development between groups were not apparent in later-stage embryos, in which subtle differences in developmental progression are difficult to distinguish.
Embryo development in vivo.
To determine effects of the reproductive tract environment on preimplantation embryo development in vivo, embryos were flushed from the oviduct or uterus of vaginal plug-positive females 24, 48, 72, or 92 h after hCG administration and mating. The mean numbers of embryos per mouse collected at 24 and 48 h were not different between treatment groups (Fig. 3) . However, 72 and 92 h after hCG administration, there was a significant reduction in the number of embryos retrieved, with about 50% fewer embryos retrieved from Gen-treated mice than controls at both time points. Because both the oviduct and uterus were flushed at these time points and the embryos were found in the expected locations (oviduct at 72 h and uterus at 92 h), the reduction in embryo number could not be explained by disruption of oviductal transport. These findings indicate that there was a loss of embryos from Gen-treated females between the two-cell and four-to eight-cell stages of development. Embryos flushed from the oviducts were subsequently cultured in vitro to determine progression to the blastocyst stage. Embryos collected 24 h after hCG administration showed a slight reduction in blastocyst development, while most embryos retrieved 48, 72, and 92 h after hCG administration progressed to the blastocyst stage (Table 2 ). These data support the ideas that the reproductive tract environment is not favorable for embryo development, with longer exposure to the reproductive tract environment resulting in lower embryo survival, and that 
FIG. 4. Schematic diagram of the experimental design. All female mice
were superovulated, and egg-cumulus cell masses were collected 14 h after hCG administration for in vitro fertilization (IVF) and immunohistochemistry (IHC) experiments. For embryo development, superovulated female mice were bred to males, and embryos were collected from the oviduct and/or uterus at the times indicated above each developmental stage. Embryos were then placed in culture to continue development to the blastocyst stage. Embryo transfers were performed using blastocysts derived from one-cell embryos. Developmental stages inside the oviduct represent in vivo progression, and developmental stages outside the oviduct represent in vitro progression. 428 the critical time point for this effect is during the transition from the two-cell to four-cell stages. However, embryos that survive to at least the four-cell stage continue to develop in vivo or in vitro.
Reproductive tract competence to support implantation. To determine if the uterine environment, in addition to the oviductal environment, contributed to the infertility phenotype of Gen-treated mice, blastocysts were collected from untreated control mice and transferred into pseudopregnant control or Gen-treated recipients. Control blastocysts (n ¼ 7 or 8) were transferred into a single uterine horn of each recipient, and the uterus was examined 8 days following transfer for the presence of implantation sites. Three of five control recipients had normal-size implantation sites; the other two were not pregnant (Table 3 ). In contrast, only two of nine Gen-treated recipients had any implantation sites, and these few sites were obviously smaller (less than half the size) than implantation sites in controls. This implantation site appearance was similar to that observed previously in Gen-treated mice in vivo [9] . These data are consistent with the idea that the uterus is unable to support implantation even after transfer of normal control blastocysts. Together with the finding that Gen-treated females have occasional implantation sites but no full-term development [9] , our findings suggest that the uterine environment contributes to the infertility of Gen-treated mice.
DISCUSSION
This study is a comprehensive analysis of the factors contributing to infertility in Gen-treated female mice; a schematic summarizing the experiments performed is shown in Figure 4 . The data presented herein demonstrate that eggs from neonatally Gen-treated females are morphologically indistinguishable from those of controls and are capable of being fertilized in vitro, developing to the blastocyst stage, and developing to term after transfer to control recipients. We conclude that the complete infertility of neonatally Gen-treated and superovulated females cannot be explained on the basis of poor egg quality. Although other investigations have demonstrated that environmentally relevant chemicals such as bisphenol A can cause disruptions in oocyte meiosis [18] , this does not seem to be the case with neonatal exposure to Gen. Several estrogenic compounds induce multioocyte follicles in the mouse, with a proposed mechanism being disruption of the gonadotropin-estrogen-inhibin/activin system that regulates folliculogenesis [23] . Disruption of endocrine and paracrine mechanisms of folliculogenesis could explain suboptimal egg quality. In one multioocyte model, eggs from multioocyte follicles with prenatal exposure to high-dose DES have reduced fertilization competence compared with eggs from singleoocyte follicles [19] . However, in the DES-exposed mice, the multioocyte follicles have many more oocytes per follicle ( 28) than are observed in our neonatal Gen model ( 6) , likely due to the much higher dose and estrogenic activity of the DES administered. Our results indicate that the existence of the multioocyte phenotype does not necessarily indicate that all eggs from such ovaries are of lower quality. Of note, our experiments were performed when the Gen-treated females were 6-9 wk of age. Because oocyte quality can decrease with age [24, 25] and higher-quality oocytes may be recruited to develop earlier in reproductive life, it is possible that Gen treatment affects oocyte quality but that this would not be observed in young females.
Because the infertility phenotype could not be explained on the basis of poor egg quality, we examined fertilization in vivo and progressive development of preimplantation embryos to determine their developmental competence within the reproductive tract. Although almost all of the eggs were eventually fertilized, there was a delay in fertilization of Gen-treated eggs compared with controls. This delay could be explained by differences in the timing of mating, progression of sperm through the reproductive tract, or timing of capacitation or by alterations in the cumulus cell matrix or zona pellucida properties caused by the oviductal environment that delay successful sperm-egg interactions. Further studies to determine the precise timing of fertilization in vivo and the factors that delay this event may provide insights into effects of the female reproductive tract on sperm function in vivo.
Once placed in culture, pronuclear-stage embryos flushed from Gen-treated mice progressed efficiently to the two-cell stage; however, they did not progress as well as controls thereafter, with a small but significant reduction in development to the blastocyst stage (Fig. 2) . This difference was not observed when eggs from Gen-treated mice were fertilized in vitro, suggesting that even a very short exposure to the oviductal environment during the time of fertilization was enough to adversely affect early embryo development. However, blastocysts generated from these pronuclear-stage embryos and then transferred into control recipients generated pups equally as well as controls, and these pups were apparently healthy, with all live pups surviving to weaning. These findings suggest that, although there is a very small difference in development from pronuclear stage to blastocyst stage, the embryos that do survive are fully competent to develop. Detailed examination of preimplantation embryo development in vivo demonstrated a loss of about 50% of the embryos between the two-cell and four-cell stages. This reduction in embryo number was attributed to exposure to the oviductal environment because it did not occur if the eggs were fertilized and cultured in vitro. It is clear that the environment in which preimplantation embryos develop has a strong effect on embryo development and survival. Numerous growth factors that act in both autocrine and paracrine fashions promote preimplantation embryo development [26] . In addition, other components (including ions, steroids, prostaglandins, energy substrates, and amino acids) of culture media or oviductal fluids strongly influence preimplantation development and can even influence postnatal development and adult health [27, 28] .
It is notable that the failure of development in vivo occurred during the two-cell to four-cell transition. This is reminiscent of the ''two-cell block'' phenomenon in which embryos arrest at the two-cell stage when cultured in suboptimal media in vitro but can complete development if transferred back to the oviduct [29] . The two-cell block can be caused by environmental toxic effects, deficiency, or imbalance [30] ; any or all of these could explain the poor development in vivo observed in our study. Deficiencies in the oviducts of the Gen-treated mouse could include lack of required energy substrates, osmolytes, or amino acids that are provided in vitro by the KSOM/AA culture medium. Tumor necrosis factor, a proinflammatory cytokine normally produced by the oviduct, causes decreased proliferation and increased apoptosis in preimplantation embryos unless these effects are countered by the presence of certain growth factors [31, 32] . An imbalance in this or a similar system could cause poor development in vivo.
The two-cell to four-cell stage transition is also the timing of the maternal to zygotic transition in the mouse, as well as the time when a failure of zygotic genome activation becomes manifest by an arrest in development. Several events critical for continued embryogenesis occur during this time frame, including degradation of maternal mRNAs, chromatin remodeling, development of a transcriptionally repressive state, and expression of zygotic mRNAs [33] . Whether specific pathways involved in zygotic genome activation or chromatin remodeling are disrupted because of factors within (or lacking from) the oviductal environment of Gen-treated females will be addressed in future experiments.
The reduction in embryo number after the two-cell stage could account for the fewer implantation sites observed previously in neonatally Gen-treated mice [9] . However, the presence of morphologically normal-appearing blastocyst-stage embryos, albeit a reduced number, in the uterus of Gen-treated mice suggests that an additional mechanism besides loss of cleavage-stage embryos contributes to the infertility of Gentreated females. Indeed, we found that the uterus of pseudopregnant Gen-treated females did not support normal implantation of control blastocysts. One explanation for this finding could be that the Gen-treated mice had suboptimal estrogen or progesterone levels that would cause decreased uterine receptivity. However, it was shown previously that there is no difference between control and Gen-treated mice in serum levels of estrogen, progesterone, or testosterone on Days 6, 8, and 10 of pregnancy [9] . Instead, the poor uterine receptivity is likely due to diminished endometrial responsiveness to normal levels of circulating steroid hormones. This would not be surprising because the uterus of Gen-treated mice does not respond fully to estrogen stimulation at puberty [34] , and implantation is dependent on the presence of functional estrogen receptor a that mediates estrogen responses in the uterus [35] . Taken together, these data suggest that the uterus of Gen-treated females has compromised responsiveness to hormonal cues, leading to abnormal uterine receptivity and failed implantation or fetal resorption.
It is also possible that factors from the oviductal fluid influence the ability of the endometrium to support implantation. In women undergoing in vitro fertilization procedures, fluid from hydrosalpinges (fluid-filled Fallopian tubes) has a negative effect on pregnancy establishment after embryo transfer to the uterine cavity and may be associated with early miscarriage [36, 37] . It is unknown if this is because of detrimental effects on uterine receptivity or direct effects on the transferred embryos. The negative effects are abrogated if the hydrosalpinx is removed and are not observed if there is no tubal patency between the tube and uterus, suggesting that luminal transit of the fluid into the endometrial cavity is required [36] .
In summary, eggs from Gen-treated females are developmentally competent, despite the multioocyte follicle phenotype observed in their ovaries. However, cumulative defects in the reproductive tract result in infertility. First, fertilization seems to be delayed in Gen-treated mice, and although the mechanism is unknown, this could lead to altered developmental timing. Second, the oviductal environment contributes to infertility seen in Gen-treated mice because more than half of the embryos were lost during this time in early embryo development. Third, even if the embryos survive the oviductal environment, the reproductive tract is not capable of sustaining pregnancy, as demonstrated by embryo transfer findings. Taken together, these data show that neonatal Gen exposure adversely affects the function of the female reproductive tract such that the cumulative effect is complete infertility.
